Abstract: Klebsiella pneumoniae, Corynebacterium kutscheri, and Streptococcus pneumoniae are important pathogens that cause respiratory infections in laboratory rodents. In this study, we used species-specific triplex PCR analysis to directly detect three common bacterial pathogens associated with respiratory diseases. Specific targets were amplified with conventional PCR using the tyrB gene from K. pneumoniae, gyrB gene from C. kutscheri, and ply gene from S. pneumoniae. Our primers were tested against purified DNA from another eleven murine bacteria to determine primer specificity. Under optimal PCR conditions, the triplex assay simultaneously yielded a 931 bp product from K. pneumoniae, a 540 bp product from C. kutscheri, and a 354 bp product from S. pneumoniae. The triplex assay detection thresholds for pure cultures were 10 pg for K. pneumoniae and S. pneumoniae, and 100 pg for C. kutscheri. All three bacteria were successfully identified in the trachea and lung of experimentally infected mice at the same time. Our triplex PCR method can be used as a useful method for detecting pathogenic bacterial infections in laboratory rodents.
Introduction
Klebsiella pneumoniae, Corynebacterium kutscheri, and Streptococcus pneumoniae are pathogens that cause respiratory disease in laboratory rodents. K. pneumoniae is a gram-negative bacterium that normally inhabits the intestinal tract of rats, mice, and other animals [2] . As an opportunistic pathogen, K. pneumoniae has been reported to infect mice [14] and rats [5] , and its prevalence is increased in antibiotic-treated nude rats to eliminate other bacteria [4] . C. kutscheri is a genus of grampositive bacteria. natural infection with C. kutscheri is usually subclinical, but stresses such as nutritional deficiencies and experimental manipulation can induce clinical diseases in the rat and mouse [1] . S. pneumoniae is a gram-positive, α-hemolytic, encapsulated diplococci. Clinical signs of S. pneumoniae are uncommon in laboratory rats and mice, although natural outbreaks of this pathogen have been reported [11] . K. pneumoniae, C. kutscheri, and S. pneumoniae are all used for health monitoring in rodents [12, 13] .
Bacterial culture is a primary tool used to diagnose bacterial diseases. However, it is difficult to standardize this method for routine health monitoring compared with PCR-based methods because media, protocols, or culturing conditions may vary greatly among laboratories [11] .
We evaluated different bacterial detection methods used by several diagnostic laboratories and searched for primer sequences specific for murine bacteria. Target nucleic acid fragments were amplified by consensus PCR from specific genes of each bacterium. In this study, PCR was used for rapid identification of K. pneumoniae, C. kutscheri, and S. pneumoniae. next, three primer pairs specific for K. pneumoniae, C. kutscheri, and S. pneumoniae were used in combination for the triplex PCR assays. These assays were developed for simultaneous detection of these three respiratory bacteria in rodents. The triplex PCR assay is a useful and convenient method for the rapid identification of bacterial pathogens in laboratory animals. Furthermore, our assay can be used to easily screen for pathogenic bacterial infections in laboratory animal facilities and monitor the health of laboratory animals.
Materials and Methods

Bacterial strains and DNA preparation
The bacterial strains used in this study are listed in Table 1 . Bacterial strains were grown at 37°C for 48 to 96 h under aerobic or microaerobic conditions. To extract template DnA, we used an AccuPrep genomic DnA Extraction Kit (Bioneer inc., Daejeon, Republic of Korea) as described in our previous report [7] . Briefly, 500 µl of a lysis solution was added to each microtube and incubated overnight at 60°C in a water bath. After 100 µl of isopropanol was added, the samples were mixed by pipetting. The lysates were carefully transferred to the upper reservoir of the binding column tube without wetting the rim and then centrifuged at 8,000 rpm for 1 min. Washing solution i and ii were added, and the samples were centrifuged at 12,000 rpm for 1 min. The binding column was transferred to a new 1.5 ml tube. one hundred microliters of elution buffer was then added, and the column was allowed to sit for at least 1 min at room temperature. Finally, the samples were centrifuged at 8,000 rpm for 1 min to elute the DnA. A 1 µl aliquot (200 ng/µl) of the eluted DnA was used as the template for PCR. All DnA preparations were stored at −20°C until use.
PCR amplification
DNA was amplified in 20 µl of a PCR mixture containing 30 mM KCl, 10 mM Tris, 1.5 mM MgCl 2 , 250 µM of each deoxynucleoside triphosphate (dTTP, dATP, dCTP, and dGTP), 10 pmol of each primer, 1 µl template DnA, and 1 unit of Taq DnA polymerase (Bioneer inc.). The primers used in this study are listed in Table 2 . To determine the optimal annealing temperature for the triplex PCR method, a temperature gradient experiment from 55 to 61°C was performed. When the annealing temperature was increased, the band's intensity was too low (data not shown). The cycling conditions included an initial denaturation for 5 min at 95°C; 35 cycles of 1 min at 95°C, 1 min at 55°C, and 1 min at 72°C; and a final extension for 10 min at 72°C. All PCR products were separated on a 2% agarose gel and stained with ethidium bromide.
Experimental infection of mice with K. pneumoniae, C. kutscheri, and S. pneumoniae
Specific pathogen-free BALB/cA mice were obtained at 6 to 7 weeks of age from the Korea Research institute of Bioscience and Biotechnology (KRiBB; Daejeon, Republic of Korea) and maintained in a pathogen-free room with a 12:12 h light-dark cycle. The health status of these mice was monitored routinely by the KRiBB (Daejeon) as recommended by previous reports [11, 12] . These mice were free of murine pathogens including K. pneumoniae, C. kutscheri, and S. pneumoniae. For mouse inoculation, type strain cultures of K. pneumoniae, C. kutscheri, and S. pneumoniae were adjusted to 10 4 , 10 5 , and 10 7 CFU/30 µl, respectively. To adjust the bacterial concentration, we used the serial dilution and agar plating method as described in our previous report [7] . Six mice were used for a single infection model, and two mice were used for a coinfection study with these three bacteria. The mice were infected with 30 µl of the cultures by intratracheal inoculation as described in our previous report [8] . Briefly, mice were anesthetized with intraperitoneal injections of 1.25% Avertin (2,2,2-Tribromoethanol) and placed in the dorsal recumbent position. one of the bacterial suspensions (30 µl) was administered via sterile 31-gauge needles after exposing the trachea. The skin incision was then closed using surgical staples. The actual dose of bacteria administered was determined by plating serially diluted bacteria on sheep blood agar. infection was established 2 days after inoculation because of clinical signs of ruffled fur, latitude, hunched posture and weight loss. The trachea and lungs were collected 2 days after experimental infection for evaluation with the triplex PCR assay. Template DNA was extracted from trachea and lung tissues using an AccuPrep genomic DnA Extraction Kit (Bioneer inc.) as described in our previous report [7] . A 1 µl aliquot (100 ng/µl) of the eluted DnA was used as the template for PCR. All animal procedures were approved by the institutional Animal Care and Use Committee of Konkuk University.
Results
Specificity and sensitivity of the singleplex PCR
We designed each primer pair to amplify specific target sequences of the tyrosine aminotransferase (tyrB) gene from K. pneumoniae, gyrase B (gyrB) gene from C. kutscheri, and pneumolysin (ply) gene from S. pneumoniae; the primer sequences and products size are shown in Table 2 . We selected these three genes because the sizes of amplicons do not overlap. To determine singleplex PCR primer specificity for the selected K. pneumoniae-, C. kutscheri-, and S. pneumoniae-specific primers, each primer was tested individually. We observed amplified PCR products of 931, 540, and 354 bp for K. pneumoniae, C. kutscheri, and S. pneumoniae, respectively; nonspecific PCR products were not observed (Fig. 1A) .
The primer pairs did not yield any product from eleven murine pathogens including CAR bacillus, H. hepaticus, M. pulmonis, P. aeruginosa, P. mirabilis, P. multocida, P. pneumotropica, S. aureus, S. epidermidis, S. zooepidemicus, and S. typhimurium (Fig. 1A) . These results showed that each primer pair was specific enough to detect its target DnA sequence in the singleplex PCR. Sensitivity of the singleplex PCR was evaluated by 10-fold serial dilutions of DnA isolated from pure cultures of K. pneumoniae, C. kutscheri, and S. pneumoniae type strains. The detection threshold for our singleplex PCR method was 1 pg for C. kutscheri and S. pneumoniae, and 10 pg for K. pneumoniae (Fig. 1B) . 
Specificity and sensitivity of the triplex PCR
The selected K. pneumoniae-, C. kutscheri-, and S. pneumoniae-specific primers were tested in combination to determine the triplex PCR specificity. We observed PCR products of 931, 540, and 354 bp for K. pneumoniae, C. kutscheri, and S. pneumoniae, respectively ( Fig.  2A) . The primer pairs did not yield any product when eleven different bacteria that can infect mice and rats were tested. These results demonstrate there was no cross-reactivity in the triplex PCR. The triplex PCR sensitivity was evaluated by 10-fold serial dilutions of DnA isolated from pure cultures of K. pneumoniae, C. kutscheri, and S. pneumoniae type strains (Fig. 2B) . The detection thresholds for our triplex PCR method were 10 pg for K. pneumoniae and S. pneumoniae, and 100 pg for C. kutscheri. Each of these bacteria strains could be detected in a mixture of all three bacteria (Fig. 2B) .
Evaluation of the triplex PCR for detecting pathogens in experimentally infected mice
The ability of the triplex PCR to detect pathogens in the lung and trachea of experimentally infected mice was evaluated. All kinds of bacteria used in the single infection study were identified in the trachea and lung of experimentally infected mice at 2 days after experimental infection (Fig. 3) . in the coinfection study with these three bacteria, the three bacteria strains were simultaneously identified in the trachea and lung at 2 days after infection using the triplex PCR (Fig. 3) .
Discussion
K. pneumoniae, C. kutscheri, and S. pneumoniae are important pathogens that cause respiratory infections in laboratory animals. At present, K. pneumoniae, C. kutscheri, and S. pneumoniae are considered routine test items in microbiologic monitoring of laboratory rodents in Korea. Also, these bacteria were selected because of their importance for monitoring laboratory animal health in north America and Europe [12, 13] . Conventional diagnosis of infections such as bacteria caused by K.
pneumoniae, C. kutscheri, and S. pneumoniae mainly relies on culture-based testing. These pathogenic bacteria are easily grown on culture agar. However, the diagnostic results from these cultures are usually obtained days or up to a week after sampling. Furthermore, conventional bacterial culturing is not always successful in the laboratory because the culturing conditions and methods may be unsuitable for the bacterial species in question [6] . Nucleic acid amplification can overcome these problems and hasten the diagnostic procedures. Rapid diagnostic techniques can also help reduce the spread of infectious disease. For multiplex PCR, two or more primer pairs are added to one reaction tube, and two or more DNA templates are targeted simultaneously. This is a relatively simple molecular-based method to detect multiple bacterial strains in one PCR reaction. The primer pairs should be specific for the genes of interest, and the PCR products should be of different sizes [9] . in our study, the target nucleic acid fragments were specifically amplified from the tyrB gene of K. pneumoniae, gyrB gene of C. kutscheri, and ply gene of S. pneumoniae by consensus PCR. No cross-amplification of the three targets was observed in the eleven bacteria strains that were tested (Cilia-associated respiratory bacillus, H. (Fig. 2A) . The use of singleplex PCR assays for detecting S. pneumoniae in sputum and throat samples from pneumonia patients has been reported [3, 10] . Recently, multiplex PCR was used to detect Staphylococcus aureus (femA and mecA genes), K. pneumoniae (mdh gene), P. aeruginosa (oprL gene), Acinetobacter baumannii (gltA gene), and Escherichia coli (phoA gene) [15] . To the best of our knowledge, simultaneous detection of K. pneumoniae, C. kutscheri, and S. pneumoniae by triplex PCR has not been previously reported.
The limits of detection for the triplex PCR assay ranged from 10 to 100 pg of DnA (Fig. 2B) . We examined the applicability of our triplex PCR assay using experimentally infected mice. As shown in Fig. 3 , the three bacteria strains used to inoculate the mice were successfully identified in the trachea and lung. Our results demonstrate that this method could be used for the accurate and rapid diagnosis of K. pneumoniae, C. kutscheri, and S. pneumoniae infections. in summary, our triplex PCR assay is simple, fast, sensitive, and specific, and can simultaneously detect K. pneumoniae, C. kutscheri, and S. pneumoniae. We also found that a single triplex PCR test can simultaneously detect these three common bacterial pathogens in experimentally infected mice. This assay is simpler and faster than conventional culture-based methods. our results demonstrate that the triplex PCR assay could be used to detect pathogenic bacterial infections in laboratory mice and rats and serve as a method for monitoring the health of laboratory animal populations.
